As the development of pavement maintenance and rehabilitation, the technologies of recycled asphalt pavement have become increasingly popular due to their advantages on energy conservation and economic benefit. In the present study, to improve the recycled asphalt pavement performance, a kind of new recycled technology named recycled-modified asphalt is proposed. The recycled-modified asphalt was produced by adding a certain amount of rejuvenating agent and SBS (styrene-butadiene-styrene) polymer into the reclaimed asphalt (RA) extracted from the reclaimed asphalt pavement (RAP). To explore the feasibility of recycled-modified asphalt, rotary viscosity (RV) and Fourier transform infrared spectroscopy (FT-IR) were performed by analyzing the change of viscosity and chemical functional groups. The viscosity test results indicated that the value of recycled-modified asphalt was between the RA and recycled asphalt, as expected. And the FT-IR analysis showed that the introduction of rejuvenating agent into RA was mainly one physical mixing progress, without changing functional groups. With the addition of SBS polymer, there were new peaks representing C=C bond of butadiene and styrene produced along the FT-IR spectra of recycled-modified asphalt. Therefore, the technology of recycled-modified asphalt is available by analysis of viscosity and mechanism.
INTRODUCTION
Over the last few decades, with the development of road infrastructures, the construction of new roads has already satisfied the growth in traffic volume generally (Stimilli et al., 2014) . Road maintenance and rehabilitation become the work focus to keep the pavement structural and functional performance. As a consequence, the use of RAP for restoring pavement has been widely promoted due to its environmental and economic benefits. There are three usual recycled technologies in the world, hot recycled mix asphalt (HRMA), cold recycled mix asphalt (CRMA), and warm recycled mix asphalt (WRMA). Meanwhile many researches about the three technologies have been developed these years widely, including new materials, new test methods and so on (Zhao et al., 2016 , Xiao et al., 2012 , Xiao et al., 2015 , Guo et al., 2014 , Buss et al., 2015 . However, generally the recycled pavement has some disadvantages on the low-temperature cracking resistance, moisture susceptibility etc., especially when the RAP content is high (Barco Carrión et al., 2015) . Thus how to promote the durability is a problem in recent years.
Comparing with base asphalt, SBS modified asphalt has higher viscosity and better pavement performance. In consideration of the shortage of recycled asphalt, introducing SBS polymer into recycled asphalt named recycled-modified asphalt can be a method solving the problems mentioned above.
The objective of this paper is to explore whether the recycled-modified asphalt is available. Since it is the combination of SBS polymer and recycled asphalt, it should have the property of the two. Firstly, the viscosity should be higher than recycled asphalt and base asphalt. Then the chemical structure should be similar with SBS modified asphalt. As a consequence, the rotary viscosity and FT-IR are performed to confirm the feasibility in the view of viscosity and chemical functional group, respectively.
MATERIALS
The virgin asphalt AH-90 commonly used in Dalian Liaoning Province was selected for this research. One type of commercial rejuvenating agent named GST, having high aromatic component, was used to restore the properties of the reclaimed asphalt (RA). The rejuvenating agent content related to the RA was 7%. The SBS polymer selected for the test is denoted as 1301, which is a linear SBS polymer (Dong et al., 2014) . It was added at a rate of 4.5% by weight of the asphalt binder.
The RA was extracted from the RAP following the Chinese standard test methods (Standard Test Methods of Bitumen and Bitumen Mixtures for Highway Asphalt Pavement (JTG E20-2011 T 0727)), which would be restored to be recycled asphalt. Table 1 and 2 showed the chemical component and physical properties of the AH-90 and RA. Table 3 and 4 presented the physical properties of SBS polymer and the rejuvenating agent, respectively. 
EXPERIMENTAL METHODS

Rotary viscosity (RV)
The RV is used to describe the influence of the GST and SBS polymer on RA. This test method is designed to measure the apparent viscosity of asphalts at handling, mixing, or application temperatures in accordance with the ASTM D4402 test method. Generally it is associated with the mixing and compaction temperature. And it can also reflect the workability that coats the aggregates. In this study, it is conducted to compare the change of viscosity of asphalt binders at 115℃, 135℃ and 175℃.
Fourier transform infrared spectroscopy (FT-IR) test
FT-IR is a test that by interpreting the infrared absorption spectrum, the covalent bonds in molecules can be determined. It is commonly used to study the molecular structure of asphalt binder and additives (Hossain et al., 2013 , Gao et al., 2013 . In accordance with the principle that the covalent bonds in molecules absorbing the infrared spectra at specific frequencies is distinctive, the functional groups of the material can be determined (Jia et al., 2014) . The asphalt materials can use the FT-IR because the FT-IR spectra of pure compounds are generally different from the others (Xiao et al., 2013) . So it is necessary to utilize the FT-IR to explain the mechanism of recycled-modified asphalt as a microcosmic test method. FT-IR is done by Nicolet 6700 Flex, whose resolution is 4 cm -1 , scanning frequency is 32 Hz and test range is 350 to 7800cm -1 . The samples are prepared by casting a film onto a potassium bromide (KBr) window from a 5% by weight solution in carbon tetrachloride (CCl 4 ).
RESULTS AND DISCUSSION
RV test of recycled-modified asphalt
The RV test results are shown in Fig. 1 . It can be seen that the viscosity of the four kinds of asphalt binders decreased with the increase of test temperature. At a given temperature, the viscosity value of RA was highest, and the AH-90 was lowest. In terms of influence of GST rejuvenating agent, the viscosity of recycled asphalt was much lower than that of aged asphalt, and was close to that of AH-90 when the temperature exceeded 135℃. When SBS polymer was introduced into recycled asphalt, under the influence of SBS polymer, the viscosity value of the recycled-modified asphalt was between RA and recycled asphalt. The results of RV indicated that SBS polymer had already increased the viscosity of recycled asphalt just like SBS modified asphalt to base asphalt. Thus the recycled-modified asphalt was available because of its high but workable viscosity.
FT-IR analysis of recycled-modified asphalt
To study the change of chemical function groups of reclaimed and recycled asphalt, the FT-IR spectra of AH-90, RA and recycled asphalt is shown in Fig. 2 . The spectra of AH-90 indicated that along the spectral bands of AH-90, the peaks around 2924 cm GST rejuvenating agent.
As shown in the Fig. 2 , comparing with FT-IR spectra of AH-90, it could be observed that along the spectra of RA there were two obvious peaks around 1699 cm -1 and 1031cm
-1 representing the stretch absorption of carbonyl group and stretch vibration of sulfoxide group respectively (Wu et al., 2009) . So the aging process due to oxidative reaction occurred. The C=O was produced due to absorption of oxygen in the unsaturated carbon chain and so was the S=O in sulfur element.
Comparing with the FT-IR spectra of recycled asphalt and RA showed that they were quite similar and either the C=O or S=O was still obvious. But according to the results of RV, the viscosity of recycled asphalt decreased. It demonstrated that addition of GST rejuvenating agent did not change the chemical groups representing the aged asphalt, but a process of adjusting the component, which was physical reaction. To explain the reason, the FTIR spectra of GST rejuvenating agent was shown in Fig. 3 . It indicated the GST was mainly composed of saturated long-chain alkanes and aromatic hydrocarbon. As saturates and aromatics of RA decreased and asphaltene increased, this resulted in the RA became harder and having poorer performance. The addition of GST rejuvenating agent supplemented the lost component, so that the viscosity of recycled asphalt decreased comparing with RA and other properties like penetration or softening point were also close to the AH-90. As a consequence, the RA extracted from RAP could be reused as recycled asphalt.
To explore whether SBS polymer had same effect on the recycled asphalt just like on the base asphalt, firstly the FTIR spectra of AH-90 and SBS modified asphalt was shown as Fig. 4 . The comparison showed that not only there was obviously changeable for transmittance, but also two new peaks appeared at 966cm -1 and 700cm -1 , corresponding to C=C bond of butadiene and styrene respectively (Chen et al., 2012) . It could be explained by Fig. 5 , the FTIR spectra of SBS polymer. Fig. 5 showed that the peaks at 966cm -1 and 700cm -1 were absorbed strongly, which represented that they were the characteristic peaks of SBS polymer. The C=C bond and styrene were introduced into AH-90 by SBS polymer. Therefore, the two peaks were characteristic peaks of SBS modified asphalt. 
CONCLUSIONS
In this study, a new recycled technology, recycled-modified asphalt, was introduced to explore its availability and workability in the view of viscosity and microcosmic mechanism. The following conclusions can be drawn:
(1) By RV analysis, the viscosity of recycled-modified asphalt increased comparing with recycled asphalt and AH-90. It indicated that SBS polymer has an effect on the recycled asphalt, which was similar with SBS modified asphalt. It demonstrated that recycled-modified asphalt is available in the aspect of its workable viscosity. (2) By FT-IR spectra observation, the recycled mechanism of GST rejuvenating agent was a process of physical reaction that added the lost aromatics and saturates. With the addition of SBS polymer into the recycled asphalt, C=C bond and styrene which were the characteristic peaks of SBS modified asphalt appeared as expected. It demonstrated that recycled-modified asphalt was available in the microcosmic view. (3)The SBS polymer and GST rejuvenating agent affected the RA individually.
As a result, recycled-modified asphalt had the advantages of recycled asphalt and SBS modified asphalt. Further research needed to be performed to evaluate the pavement performance of recycled-modified asphalt mixture.
